Nine parental genotypes of okra were crossed in complete diallel design to study combining ability and nature of gene action for earliness and yield components. Mean squares of genotypes were found to be highly significant for all studied traits, providing evidence for presence of considerable amount of genetic variation among studied genotypes. The results showed that (P5) and (P9) were the best general combiners for earliness, while (P1), (P4), (P5) and (P7) were found to be good general combiners for total yield per plant. The crosses (P5xP6), (P5xP9), (P5xP8) ang (P9xP2) were the earliest crosses in comparison with the other crosses. Meanwhile, the cross (P1xP9) had the highest mean value for fruit diameter, plant height and fruit weight. In addition, the crosses, (P1xP6), (P1xP7), (P5xP9) and (P6xP4) had the highest mean values for No. of fruit/plant and total yield /plant. Therefore, these promising crosses among F1 hybrids and F1 reciprocal (F1r) combinations could be used for further breeding studies to improve the economic traits in okra. The results revealed that the general combining ability (GCA) and specific combining ability (SCA) mean squares were highly significant for all studied traits. Significant reciprocal effect mean squares were observed for all studied traits, indicating that these traits were controlled by extra-nuclear factors as well as nuclear factors. The results indicated that the magnitude of additive genetic variance (σ 2 A) were positive and lower than those of non additive (σ 2 D) one for most of studied traits, indicating that non additive gene action played a major role in the inheritance of these traits. The broad sense heritability estimates (H 2 b %) were more than 75% and larger than their corresponding narrow sense heritability (H 2 n %) for all studied traits. However, estimates of narrow sense heritability were 13. 9%, 32.4, 40.5, 47.1, 76.8 for earliness, fruit length, fruit weight, plant height and fruit diameter, respectively. The estimates of narrow sense heritability ranged from 11.3 % to 17.34% for total fruit yield per plant and No. of fruit per plant, respectively. It could be concluded that the most studied traits were mainly controlled by non additive effects and cytoplasmic factors. Therefore, the genetic material used in this study could be used for hybridization for producing promising crosses to improve economic traits in okra.
INTRODUCTION
Okra (Abelmoschus esculentus L.) is one of the most important vegetable crops in Egypt. Combining ability of the parents is becoming important in plant breeding, especially in hybrid production. It is useful in connection with the testing and compare the performance of the lines in hybrid combinations. Information on the general and specific combining abilities will be helpful in the analysis and interpretation of the genetic basis of important traits. GCA and SCA provide a guideline for the nature of gene action involved in the expression of economic traits. The genetic information obtained from this method is considerable use for selecting parental lines and their crosses to develop and release new high yielding genotypes. Ramesh and Singh (1999) , El-Gendy and El-Sherbeny (2005) and El-Sherbeny et al (2005) found that the magnitudes of additive genetic variance (σ 2 A) were larger than those of non-additive ones (σ 2 D) for most okra economic traits. On the other hand, Dhankhar and Dhankhar (2001) , Prakash et al (2002) and Solankey and Singh (2010) stated that non additive genetic variance was higher than the additive one for days to flowering, plant height, number of branches, number of pods per plant and pod yield per plant. However, Vagish et al (2002 Vagish et al ( ), liou et al (2002 , El-Gendy and El-Diasty (2004) and Singh et al (2011) indicated that both additive and non additive gene action involved in the inheritance of days to flowering, number of pods per plants and pod yield per plant.
Hence, the objective of this study was to assess the combing ability of nine genetically divergent lines in a complete diallel analysis to choose suitable breeding program for improving economic traits in okra.
MATERIALS AND METHODS
Nine genetically divergent parent lines of okra were previously created and developed by Soher El-Gendy in 2009 (Elgendy,Soher 2012). These genotypes are: line 1 (P 1 ), line 2 (P 2 ), line 3 (P 3 ), line 4 (P 4 ), line 5 (P 5 ), line 6 (P 6 ), line 7 (P 7 ), line 8 (P 8 ) and line 9 (P 9 ). The present study was conducted at El-Baramoon research Station, Horticulture Research Institute, ARC, Egypt during the summer seasons of 2010 and 2011. In the summer season of 2010, the seeds of nine inbred lines were sown on April and all possible combinations among them were made according to a complete diallel mating design to produce 36 F 1 and 36 F 1 reciprocal (F 1r ) hybrids. In the summer season of 2011, 72 F 1 hybrids were evaluated in a randomized block design with three replications. Each block contains 72 plots. Each plot was 3 rows, 3.5 m. long and 60 cm. wide. Hills were spaced 30 cm. Apart. All other agricultural practices were applied as recommended for okra production.
Data were recorded on 10 plants chosen at random from each plot for the following traits: Number of days to 50% flowering (No. of DF) ; Plant height (PH cm); Number of fruit/plant (No. of F/P); Fruit Diameter (FD cm); Fruit Length (FL cm); Fruit weight (FW gm) and Total yield per plant (TY/P gm). Data were subjected to the analysis of variance in order to test the significance of the differences among the 72 F1 and F 1 reciprocal hybrids according to Cochran and Cox (1957) .
Sum squares of studied genotypes was partitioned according to Griffing`s (1956) as method 3 into sources of variations due to GCA and SCA.
The variances of GCA (σ 2 g) and SCA (σ 2 s) were obtained on the basis of the expected mean squares for all studied traits. Additive (σ 2 A) and non-additive (σ 2 D) genetic variances were estimated according to Matzinger and Kempthorne (1956) 
RESULTS AND DISSCUSION

Genotypic variations
Analyses of variance for all genotypes are presented in Table 1 for all studied traits. Mean squares of genotypes were found to be highly significant for all studied traits. This provides evidence for presence of considerable amount of genetic variation among studied genotypes. These results are in harmony with those previously obtained by El-Sherbeny et al (2005) and Abdelmageed (2010) . 
Mean performance
Mean performance of the 36 F 1 hybrids for all studied traits are shown in Table 2 . The results showed considerable variation were obtained among all F 1 hybrids for all studied traits. The crosses (P 5 xP 6 ), (P 5 xP 9 ) and (P 5 xP 8 ) were the earliest crosses in comparison with the other crosses. Meanwhile, the cross (P 1 xP 9 ) had the highest mean value for fruit diameter, plant height and fruit weight. In addition, the crosses, (P 1 xP 6 ), (P 1 xP 7 ) and (P 5 xP 9 ) had the highest mean values for No. of fruit/plant and total yield /plant. Mean performance of the 36 F 1 reciprocal crosses (F 1r ) for all studied traits are presented in Table 3 . No specific reciprocal hybrid showed superiority over other crosses for all studied traits. The best combination for earliness was (P 9 xP 2 ) with mean of 53.7 . The crosses (P 8 xP 6 ), (P 9 xP 3 ) and (P 4 xP 1 ) were the highest combinations for plant height, fruit diameter and fruit weight with mean of 280, 6.17 and 5.97, respectively. Moreover, the cross (P 6 xP 4 ) was the best for no. of fruit per plant, fruit length and total yield per plant with the mean of 239, 4.57 and 1035.7, respectively. Therefore, these promising crosses among F 1 hybrids and F 1 reciprocal combinations could be used for further breeding studies to improve the economic traits in okra. 
Combining ability analysis
Mean squares of general, specific combining ability and reciprocal effects for all studied traits are given in Table 4 . The results exhibited that mean squares of general combining ability (GCA), specific combining ability (SCA) and reciprocal effects were highly significant for all studied traits. These results indicate that both GCA and SCA were important in the inheritance of these traits. However, the magnitudes of GCA were larger than those of SCA for all studied traits pointed out the predominance of the additive gene action. In addition, significant reciprocal effect mean squares were observed for all studied traits, indicating that these traits were controlled by extra-nuclear factors as well as nuclear factors. These results are in agreement with those reported by Prakash et al (2002) , Rewale et al (2003) , El-Sherbeny et al., (2005) , El-Gendy and El-Sherbeny (2005), Sinthil et al (2006) and Singh et al (2006) . 
GCA effects (gi)
Estimates of general combining ability effects (g i ) of each parent for all studied traits are presented in Table 5 . (P 5 ) was the best general combiner for all studied traits except fruit length, fruit weight and plant length. While (P 1 ) was good general combiner for fruit diameter, fruit weight and total yield per plant. (P 2 ) was good general combiner for fruit length. (P 3 ) was good general combiner for fruit diameter. (P 4 ) was good general combiner for plant length, number of fruit per plant and total yield. (P 6 ) was good general combiner for fruit length, plant length and number of fruit per plant. (P 7 ) was the best general combiner for all studied traits except fruit length, number of fruit per plant and earliness. (P 8 ) was the best general combiner for plant length and number of fruit per plant. (P 9 ) was the best general combiner for fruit diameter, plant length and earliness. Generally, the results showed that (P 5 ) and (P 9 ) were the best general combiners for earliness, while (P 1 ), (P 4 ), (P 5 ) and (P 7 ) were found to be good general combiners for total yield per plant.
It could be suggested that these parental genotypes posses favorable genes to improve hybrids for earliness and yield components. 
SCA effects (Sij)
Estimated specific combining ability effects (S ij ) of each cross combination for all studied traits are found in Table 6 . The results revealed that the cross combination (P 1 xP 6 ), (P 2 xP 8 ), (P 3 xP 7 ), (P 4 xP 6 ), (P 4 xP 8 ), (P 7 xP 8 ), showed desirable negative significant SCA effects for earliness. Moreover, seven, seven, five and twelve out of thirty six crosses exhibited positive SCA effects for fruit diameter (cm), fruit length (cm), fruit weight (gm) and plant height (cm), respectively. Concerning to total yield per plant, fifteen and nine out of the thirty six hybrids were the best yielding crosses for number of fruit per plant, and total yield/plant, respectively. Specific combining ability effects (S ij ) of each reciprocal cross combination (F 1r ) for all studied traits are found in Table 7 . The results showed that no reciprocal cross was the best for all studied traits. However, nine and five out of thirty six reciprocal hybrids exhibited significant SCA effects for earliness and plant height, respectively. For yield and its component, sixteen, four, three, six and nine out of thirty six reciprocal crosses revealed desirable SCA for number of fruit per plant, fruit diameter, fruit length, fruit weight and total yield per plant, respectively. It could be noticed that the excellent cross combinations were obtained from crossing (good x good), (good x poor) and (poor x poor) general combiners. Therefore, it is not necessary that parents having estimates of high GCA effects would also give high estimates of SCA effects in their respective cross combinations. These results suggest the important role of non additive gene action in the inheritance of the studied traits.
Nature of gene action
Based on the analysis of combining ability, the different genetic parameters were estimated and the obtained results are presented in Table  8 . The results indicated that the magnitudes of the non additive genetic variance (VD) were larger than those of additive ones (VA) for all studied traits except for fruit diameter and fruit weight. In this direction, Dhankhar and Dhankhar (2001) , Prakash et al (2002) and Solankey and Singh (2010) stated that non additive genetic variance was higher than the additive one for days to flowering, plant height, number of branches, number of pods per plant and pod yield per plant. Considerable values of reciprocal effects variance were observed in all studied traits, exhibiting the important role of cytoplasmic factors in the expression of these traits. Furthermore, the broad sense heritability estimates (H 2 b %) were more than 75% and larger than their corresponding narrow sense heritability (H 2 n %) for all studied traits. However, estimates of narrow sense heritability were 13. 9%, 32.4, 40.5, 47.1, 76 .8 for earliness, fruit length, fruit weight, plant height and fruit diameter, respectively. With respect to yield components, the estimates of narrow sense heritability ranged from 11.3 % to 17.34% for total yield per plant and No. of fruit per plant, respectively. These results verified the predominance of non additive gene action in the inheritance of these traits. These results are in agreement with those obtained by Prakash et al (2002) and Salameh and Kasrawi (2007) . In conclusion, it could be noticed that most studied traits were mainly controlled by non additive effects and cytoplasmic factors. Thus, the genetic material used in this study could be used for hybridization for producing promising crosses to improve economic traits in okra.
